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Bureau of Aeronautics, Navy Department 
PRELIMINARY RESULTS OF ALTITUDE-WIND-TUNNEL 
INVESTIGATION OF X24C-4B TURBOJET ENGINE 
I - PRESSURE AND TEMPERATURE DISTRIBUTIONS 
By William R. Prince, and W. Kent Hawkins 


SUMMARY 

Pressures and temperatures throughout the X24C-4B turbojet 
engine are presented in both tabular and graphical forms to show 
the effect of altitude, flight Mach number, and engine speed on 
the internal operation of the engine. These data were obtained 
in the MCA Cleveland altitude wind tunnel at simulated altitudes 
from 5000 to 45,000 feet, simulated flight Mach numbers from 0.25 
to 1.08, and engine speeds from 4000 to 12,500 rpm. Location and 
detail drawings of the instrumentation installed at seven survey 
stations in the engine are shown. 

Application of generalization factors to pressures and tem- 
peratures at each measuring station for the range of altitudes 
investigated showed that the data did not generalize above an 
altitude of 25,000 feet. Total- pres sure distribution at the com- 
pressor outlet varied only with change in engine speed. At alti- 
tudes above 35,000 feet and engine speeds above 11,000 rpm, the 
peak temperature at the turbine-outlet annulus moved inward toward 
the root of the blade, which is undesirable from blade- stress con- 
siderations. The temperature levels at the turbine outlet and the 
exhaust-nozzle outlet were lowered as the Mach number was increased. 
The static-pressure measurements obtained at each stator stage of 
the compressor showed a pressure drop through the inlet guide vanes 
and the first-stage rotor at high engine speeds. The average 
values measured by the manufacturer's instrumentation were in close 
agreement with the average values obtained with NACA instrumentation. 
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INTRODUCTION 

An investigation to determine the performance and the opera- 
tional characteristics of the X24C-4B turbojet, engine has been 
conducted in the MCA Cleveland altitude wind tunnel at the request 
of the Bureau of Aeronautics, Navy Department. The investigation 
was conducted over a wide range of simulated altitudes, flight Mach 
numbers, and engine speeds. 

Instrumentation was installed at eight stations in the engine 
In order to determine the component performance as well as the 
over-all engine performance. Location and details of the instru- 
mentation installed at seven survey stations in the engine are pre- 
sented. Typical pressure and temperature profiles are also pre- 
sented for each measuring station in the engine to show the effeot 
of altitude, Mach number, and engine speed on the flow through the 
engine. Data in tabular form are presented to show the average 
pressures and temperatures throughout the engine for the range of 
conditions investigated. 


APPARATUS AND INSTRUMENTATION 
Engine 

The X24C-4B engine used in this investigation (fig. l) has a 
static sea- level rating of 3000 pounds thrust at an engine speed 
of 12,500 rpm. At this rating the air flow is approximately 
58’. 5 pounds per second, the fuel consumption is 3200 pounds per 
hour, and the compressor pressure ratio is 3.8. The over-all 

length of the engine is 119- inches, the maximum diameter is 
1 2 

28- inches, and the total weight is 1150 pounds. The main compo- 
nents of the engine include an 11- stage axial-flow compressor, a 
double -annulus combustion chamber, a two-stage turbine, and a fixed- 
area exhaust nozzle. 

Air enters the engine through an annular inlet and passes 
into the compressor through a single row of inlet guide vanes. 

The compressor rotor consists of a single forging with 10 disks 
to which the rotor blades are attached. The eleventh rotor stage 
is a separate disk that is fitted on a stub shaft of the main 
rotor and is bolted to the tenth- stage disk. The turbine shaft 
is connected to the eleventh- stage disk by a splined sleeve coupling. 
The compressor casing is horizontally divided into halves, each of 
which consists of a forward and rear section. 
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The air is discharged from the compressor through two rows of 
straightening vanes into a diffuser section ahead of the combustion- 
chamber inlet. Air entering the double-annulus combustion chamber 
(fig. 2) is divided into tnree annular streams by two concentric 
fuel manifolds. A screen having a 60-percent blocking area was 
installed in the outer annulus and one having 40-percent blocking 
area was installed in the intermediate annulus. Air passes through 
wall perforations in the combustion chamber and into the combustion 
zone. Fuel is injected into the annular regions of the combustion 
chamber from the two manifolds. The outer manifold ring has 36 fuel 
nozzles and the inner manifold has 24, Each fuel nozzle has a spray 

angle of 80° and a capacity of 7- gallons per hour at a differential 
pressure of 100 pounds per square inch. 

The gases from the combustion chamber flow through the two- 
stage turbine into the tail pipe. Each turbine stage consists of 
a stator and a rotor. The turbine-rotor assembly consists of a 
shaft and two separate disks. The first- stage disk is bolted to 
the turbine shaft and the second-stage disk is bolted to the first- 
stage disk. The turbine shaft is hollow to accommodate a long 
extension bolt that secures the turbine and compressor rotors. 

The compressor and turbine rotors are supported on three bear- 
ings. A single-row ball thrust bearing is located at the forward 
end of the compressor rotor; radial loads are carried by two roller 
bearings, one at the aft end of the compressor and the other Just 
ahead of the turbine disk. 

An accessory-drive gearbox is mounted at the front-bearing 
support on the bottom of the engine. Power to drive the accessories 
is provided by a vertical shaft that passes from the main rotor 
through the hollow front-bearing support to the gearbox. 

The ^accessory-drive gearbox and the three engine bearings are 
lubricated by a solid oil system. An oil cooler Is mounted forward 
of the front bearing support and forms a part of the engine inlet.* 

The main components of the fuel and fuel-control system 
include an all-speed hydraulic- type governor, fuel manifolds and 
nozzles, and a fuel-dump valve. The governor, which comprises in 
a single unit the fuel pump and control mechanism, Is designed to 
maintain a constant engine 3peed for a fixed throttle setting 
regardless of flight speed or altitude. The fuel-dump valve Is 
designed to drain the fuel manifold of residual fuel when the engine 
is stopped. 
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The starter is mounted, at the forward end of the compressor 
rotor. Ignition is obtained by means of two spark plugs that extend 
into the outer annulus of the combustion ohamber downstream of the 
fuel nozzles. A timing control limits the starting cycle to a 
period of 30 seconds. 


Installation and Instrumentation 

The engine was installed in a wing nacelle, which was supported 
in the 20-foot-diameter test section of the altitude wind tunnel by 
the tunnel balance frame (fig. 1). The engine was supported in the 
wing by two self -alining ball and socket mounts located on each 
side of the fuel manifold and by a tie bolt on the top of the front- 
bearing support. 

For the part of the investigation reported herein, inlet pres- 
sures corresponding to high flight Maob numbers were obtained by 
introducing dry refrigerated air from the tunnel make-up air system 
through a duct to the engine inlet. This air was throttled from 
approximately sea-level pressure to the desired pressure at the 
compressor inlet while the tunnel pressure corresponding to the 
desired altitude was maintained. The make-up air duct was connected 
to the engine intake duct by means of a labyrinth slip joint, which 
permitted engine-thrust and installation-drag measurements to be 
made with the tunnel scales. 

For the wind-tunnel investigation, an extended tail pipe 

' 1 

20— inches in diameter and 34 inches long was attached to the 

u 

downstream flange of the main exhaust-nozzle casing. An exhaust 
nozzle 20 inches long having an exit area of approximately 
183 square inches was attached to the downstream end of the tail 
pipe. 


Temperature and pressure measurements were obtained at eight 
stations in the engine (fig. 3). Detail drawings of the instru- 
mentation at each measuring station throughout the engine are pre- 
sented in figures 4 to 14 with the exception of the compressor 
stator-stage static-pressure tubes at station 3. All transverse 
sections are shown as viewed looking aft. The survey rakes at 
each measuring station are numbered in a clockwise direction 
starting at the top of the engine. 
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PROCEDURE 

Pressures and temperatures throughout the engine were measured 
at pressure altitudes from 5000 to 45,000 feet, simulated flight 
Mach numbers from 0.25 to 1.08, and engine speeds from idling speed, 
4000 rpm, to rated speed, 12,500 rpm. For most test conditions, 
the inlet-air temperature was held at approximately NACA standard 
values corresponding to the simulated flight conditions. At the 
higher altitudes, the minimum engine speed was sometimes limited by 
combustion blow-out and the maximum engine speed by a turbine-outlet 
temperature of 1250° F at the hottest thermocouple. 

Temperatures were measured and recorded by two self-balancing 
potentiometers. Pressures were measured by water, alkazine, and 
mercury manometers and were photographically recorded. The engine 
speed was set by use of a stroboscopic tachometer. Throughout the 

investigation AN-F-28 fuel and AAF 3606 oil were used. 

0 


RESULTS AND DISCUSSION 

Ayerage values of total and static pressures and indicated 
temperature throughout the engine for the range of conditions inves~ 
tigated are presented in table I. The average values measured by 
the manufacturer's instrumentation were in close agreement with the 
average values obtained with NACA instrumentation. All temperature 
values presented are indicated temperatures. 

Data are presented to show the effect of altitude , flight Mach 
number, and engine speed on pressure and temperature distributions 
throughout the engine. The effect of altitude at a Mach number of 
approximately 0.53 and a corrected engine speed of approximately 
11,855 rpm is shown in figures 15 to 22 for simulated altitudes 
from 15,000 to 45,000 feet. The effect of Mach number at an alti- 
tude of 25,000 feet and an engine speed of 12,000 rpm is shown in 
figures 23 to 30 for Mach numbers of 0.53, 0.87, and 1.08. The 
effect of engine speed at a Mach number of approximately 0.53 and 
an altitude of 25,000 feet is presented in figures 31 to 38 for 
engine speeds of 8000, 11,000, and 12,450 rpm. The engine speeds 
at which the effects of altitude and Mach number are shown were the 
maximum speeds at which data were obtained over the complete range 
of conditions. 
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Effeot of Altitude 

Data showing the altitude effect on pressure and temperature 
distributions at each measuring station in the engine have been 
generalized by use of the factors 5 and 6. Pressure measurement? 
were divided by 6, the ratio of absolute total pressure at the 
compressor inlet to absolute static pressure corresponding to MCA 
standard atmospheric conditions at sea level. Temperature measure- 
ments were divided by 6, the ratio of absolute indicated total 
temperature at the compressor inlet to absolute statio temperature 
of MCA standard atmospheric conditions at sea level. 

In the development of the factors 8 and 6, the component 
efficiencies of the engine were assumed to remain constant at all 
altitudes. Thus a change in the generalized values of temperature 
and pressure with change in altitude indicates a change in engine- 
component efficiency. Data showing the average pressure profile 
through the engine have not been generalized. 

Engine profile. - The variation of average total and static 
pressures at each measuring station through the engine for several 
altitudes is shown in figure 15. A continuous pressure rise was 
obtained throughout the stages of the compressor. 

Cowl inlet. - Corrected total- and static-pressure and cor- 
rected temperature distributions at the cowl inlet (fig. 16) were 
very uniform across the duct and were unaffected by changes in 
altitude. The boundary layer at the wall was approximately 1 inch 
chick. 

Compressor inlet. - Altitude had no appreciable effect on 
radial or circumferential distributions of corrected pressure and 
temperature at the compressor inlet (fig. 17). The corrected 
static-pressure and corrected temperature distributions across the 
inlet were uniform and unaffected by changes in altitude. The 
corrected total pressure was uniform across the inlet with the 
exception of a 1-inch boundary layer at the annulus inner wall and 

a l|-inch boundary layer at the annulus outer wall. 

Compressor outlet. - The effect of altitude on the radial 
distribution of corrected total pressure and corrected temperature 
at three rakes located 120° apart at the compressor outlet is 
shown in figure 18. Only the average corrected static pressure 
at each rake is indicated because for all conditions there was no 
appreciable radial or circumferential variation in static pressure 
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at the compressor outlet* For a distance of about 3/4 inch from the 
inner wall of the passage, the corrected total pressure and the cor^ 
rected average static pressure were approximately equal. From this 
point the pressures increased rapidly across the passage and peak 
pressures were obtained approximately 3/4 inch from the outer wall. 
The circumferential distribution of these peak pressures was uniform 
for each altitude. The distribution of corrected total pressure, 
static pressure, and temperature for the three rakes was approxi- 
mately the same for altitudes of 15,000 and 25,000 feet. As the 
altitude was increased above 25,000 feet, the corrected pressures 
and temperatures increased. This increase denotes a reduction in 
engine-component efficiency for altitudes above 25,000 feet. 

Turbine inlet . - The effect of altitude on the circumf extent ial 
distribution of corrected total pressure at the turbine inlet is 
shown in figure 19. The values measured by the manufacturer's 
integrating total-pressure rake were in close agreement with the 
values measured by the individual NACA total-pressure tubes. The 
circumferential pressure distribution was very uniform at each 
altitude because of the screens at the combustion-chamber inlet. 

Use of generalization factors corrected the pressures at altitudes 
of 15,00' aad 25,000 feet to approximately a single curve, but 
above '25,000 feet the pressure increased as the altitude increased. 
This trend is similar to that at the compressor outlet (fig, 18). 

Turbine outlet, - Radial pressure measurements obtained at the 
turbine outlet are shown in figure 20 for several altitudes. The 
average corrected static pressure is presented inasmuch as static- 
pressure measurements were confined to wall orifices. The cor- 
1 'ected total pressure increased uniformly across the passage from 
inner to outer wall for all altitudes except 45,000 feet. At 

45.000 feet the to^al pressure was uniform across the passage to 
within 1-inch of the outer wall, beyond which a x^ise in pressure 
occurred. The corrected pressures failed to generalize above 

25.000 feet, as was the case at the compressor outlet and the 
turbine inlet. Data are shown for only one of the two pressure 
rakes, because no measurements were obtained with the other rake. 

The radial distribution of" corrected temperature at the tur- 
bine outlet is presented in figure 21(a) for three rakes located 
at 47°, 180°, and 300°, measured clockwise from the top of the 
engine. Except for the data obtained at 45,000 feet, the change 
in altitude had little effect on the radial temperature distri- 
bution, At 45,000 feet there was indication that the temperature 
near the inner wall increased with respect to the temperature 
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near the outer vail. From blade-stress considerations, it is 
desirable to have the lowest temperature at the roots of the blades 
and the peak temperature about l/2 inch from the blade tips. 

The circumferential corrected temperature distribution for two 
radial positions at the turbine outlet is shown in figure 21(b). 
Values for the two circumferential temperature distributions were 
obtained from data measured by six NACA single thermocouples and 
three manufacturer's shielded single thermocouples located 1.75 
and 2.00 Inches, respectively, from the tail-pipe outer wall. These 
thermocouples were in some cases located at radial positions that 
differed from those in the survey rakes. Thus where the radial 
positions differ from the aforementioned locations, only faired 
values obtained from rake measurements are presented in figure 21(b). 
Large ciraumferential temperature variations occurred at both 
radial positions at the turbine outlet. An inspection of the tur- 
bine stator blades showed definite discolorations around the stator 
circumference, which indicated the presence of the temperature 
irregularities shown at the turbine outlet. Changes in altitude 
up to 35,000 feet had very little effect on the circumferential 
corrected temperature distribution. For an altitude of 45,000 feet, 
the decrease in temperature at the top of the turbine outlet was 
probably due 'to the fact that the fuel flow was less from the top 
fuel nozzles. The difference in head of fuel between the top and 
the bottom of the manifold, together with the low fuel-manifold 
presBure accompanying high-altitude operation, resulted in decreased 
fuel flow and poor atomization from the top nozzles. 

ICxhaust-nozzle outlet. - At the exhaust-nozzle outlet (fig. 22), 
the corrected total-pressure distribution for all altitudes was 
reasonably symmetrical about the center line of the jet. Total 
pressures at the center of the Jet, however, were considerably 
lower than at the wall of the exhaust nozzle. The corrected temper- 
ature at the center of the Jet was slightly lower than at the wall 
at all altitudes except 45,000 feet. The change in temperature 
pattern at 45,000 feet showing the decreased temperature in the 
upper part of the exhaust nozzle was due to poor fuel distribution 
at high altitudes. Static-pressure distribution was measured over 
the lower portion of the exhaust-nozzle outlet. The lowest values 
of corrected static pressure occurred at the bottom wall. 


Effect of Flight Mach Number 

Data showing the effect of Mach number on pressures and tem- 
peratures through the engine are actual measured values and have 
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not been corrected for any variation in temperature conditions at 
the compressor inlet from the desired free- stream total temperatures 
corresponding to the respective flight Mach numbers* 

Engine profile* - The effect of Mach number on the average 
total and static pressures at each measuring station in the engine 
is shown in figure 23, Increasing the Mach number from 0*53 to 1*08 
did not appreciably affect the general pressure distribution. At 
each Mach number , the static pressures at the first and second 
stages were slightly lower than the compressor-inlet static pressure 
(station 2), evidently because of the pressure loss through the 
inlet guide vanes and the first-stage rotor. Beyond the second 
stage a continuous rise in pressure through the compressor was 
obtained. As would be expected, an increase in Mach number increased 
the overfall pressure level through the engine. 

Cowl inlet and compressor inlet. - Pressure and temperature 
distributions at the cowl inlet and the compressor inlet were very 
uniform for the range of Mach numbers investigated (figs. 24 and 25). 
At both stations the total pressures near the walls decreased due to 
the boundary layer. The temperature at the compressor inlet was 
maintained at the desired value for only the Mach number of 0.53. 

A comparison of the desired temperature with the actual measured 
temperature is given in the following table: 


Mach 

number 

Desired 
compressor- 
inlet total 
temperature 

t 2 , (Or) 

Actual com- 
pressor-inlet 
temperature 
T 1j2 , (OB) 

0.53 

453 

454 

.87 

493 

500 

1.0S 

520 

505 


Compressor outlet. - The effect of Mach number on the radial 
distribution of total pressure and temperature and average static 
pressure at the compressor outlet is shown in figure 26. The radial 
total- pressure distributions across the annular passage were not 
appreciably affected by changes in Mach number except near the outer 
wall. As the Mach number was raised, the total pressure at the 
outer wall became less than the peak total pressure. As noted in 
the discussion of altitude effect, the total and static pressures 
near the inner wall were approximately equal and the. peak total 
pressure in most cases was measured approximately 3/4 inch from the 


CONFIDENTIAL 



10 


CONFIDENTIAL 


NACA RM No. SE7L22 


outer vail. The variation of temperature level with Mach number at 
the compreasor outlet was similar to that at the compressor inlet 
(fig. 25). 

Turbine inlet. - The .circumferential total-pressure distribu- 
tion at the turbine inlet (fig* 27) was very uniform for the range 
in Mach numbers. Values measured by the NACA pressure tubes and 
the manufacturer 1 s pressure integrating rake shoved close agreement 
in all cases. 

Turbine out lei. - The radial variation of total pressure and 
average static pressure at the turbine outlet with change in Mach 
number is presented in figure 28. An increase in Mach number did 
not change the radial total-pressure distribution. The total pres- 
sure at the outer wall at each Mach number was slightly higher than 
at the inner wall. 

The effect of Mach number on the radial temperature distribu- 
tions measured by the three rakes at the turbine outlet is shown 
in figure 29(a). The radial temperature distribution was not 
appreciably affected by change in Mach number. However, the indi- 
cated temperatures at the turbine outlet decreased with increasing 
Mach number. 

The circumf erential temperature variations for two radial 
positions at the turbine outlet are shown in figure 29(b). Close 
agreement is shown between the temperature patterns at both radial 
positions. The circumferential distribution was not appreciably 
affbcted by cliange in Mach number. 

Exhaust-nozzle outlet. - Pressure and temperature distribu- 
tions at Ihe exhaust -nozzle outlet for the range of Mach numbers 
investigated are presented in figure 30. The total-pressure dis- 
tributions were similar in all cases and approximately symmetrical 
about the center line of the Jet. The temperature measurements 
ovei* the upper portion of the exhaust-nozzle outlet showed slightly 
lower values at the center of the Jet than near the wall. The tem- 
perature distributions were similar for the range of Mach numbers 
investigated. At thi3 station as well as at the turbine outlet, an 
increase in Mach number resulted in a reduction in indicated tem- 
perature. The static-pressure distributions measured over the lower 
portion of the exhaust-nozzle outlet and at wall orifices were 
similar for all Mach numbers investigated, the lowest values occurring 
at the wall. 
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Effect of Engine Speed 

Engine profile. - The effect of engine speed on the average 
total and static pressures at each measuring station through the 
engine is shown in figure 31. The static-pressure measurements 
obtained at each stator stage of the compressor show a pressure 
drop through the inlet guide vanes and the first-stage rotor at an 
engine speed of 12,450 rpm that was not encountered at 8000 rpm 
and was only 'slightly noticeable at 11,000 rpm. 

Cowl inlet and compressor inlet, - Pressure and temperature 
distributions at the cowl inlet and the compressor inlet were very 
uniform, except for the boundary layer, throughout the range of 
engine speeds investigated (figs. 32 and 33). The boundary layer 
increase^ with increase in engine speed because of the higher inlet 
velocity. 

Compressor outlet, - The radial distribution of total pressure^ 
and temperatures at the compressor outlet is shown in figure 34. 

Only the average static pressure at each rake is indicated, because 
for all engine dpoed conditions there was no appreciable radial or 
circuraf orontial variation in static pressure at the compressor out- 
let. The total-pressure distribution was reasonably uniform at an 
engine speed of 8000 rpm. At an engine speed of 11,000 rpm, a 
Lotal-pressure peak occurred approximately 3/4 inch from the outer 
wall, whereas at the inner wall the total and static pressures 
remained approximately equal. As the engine speed was increased, 
the total-pressure peak increased in magnitude and moved nearer 
the outer wall with total and static pressures remaining approxi- 
mately equal at the inner wall. The circumferential variation in 
total pressures for the range of engine speeds investigated was 
very sllghl. 

Turbine inlet. - The circumf orential variation in total pres- 
sures at the turbine inlet with change in engine speed is shown in 
figure 35. The total- pres sure distribution was uniform at each, 
engine speed and the measurements made with NACA pressure tubes 
were in close agreement at all engine speeds with measurements 
made with the manufacturer’s total-pressure integrating rakes. 

Turbine outlet. - The effect of engine speed on total-pressure 
distribution at the turbine outlet is shown in figure 56. The total 
pressures increased slightly across the passage from the inner wall 
to olie outer wall. At engine speeds of 8000 and 11,000 rpm, no 
measurements were obtained from rake 1. At an engine speed of 
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12,450 rpm, the close agreement in data obtained with both rakes 
indicates that the circumferential distribution of total pressure 
was uni form . 

The radial and circumferential temperature distributions at 
the turbine outlet are shown in figuros 37(a) and 37(b), respec- 
tively. As the engine speed was increased the peak temperature in 
general shifted toward the inner wall, which is undesirable from 
blade~stre3s considerations. At an engine speed of 12,450 rpm, 
the peak temperatures were approximately the same for the three 
rakes. Large circumferential temperature variations occurred at 
each engine speed (fig. 37(b)) and it is believed that the distri- 
bution at the turbine inlet was even more irregular than indicated 
by these measurements, inasmuch as the temperature variations were 
reduced by mixing in passing through the turbine. Reasonable 
agreement is shown between the temperature patterns at both radial 
positions. 


Exhaust-nozzle outlet . - Fro s sure and temperature distribu- 
tions at the exhaust-nozzle outlet for threo engine speeds are 
3hown in figure 38. The total pressure was approximately constant 
across the nozzle outlet at an engine speed of 8000 rpm. As the 
engine speed was increased, a pronounced low-pressure area formed 
in the center of the Jet. 

At ongino speeds of 8000 and 11,000 rpm, the temperatures 
near the wall of the exhaust nozzle were slightly greater than in 
the center of the Jet. At an engine speed of 12,450 rpm, however, 
the, temperatures were lower near the oxliaus t-nozzle wall than 
elsewhere in the Jet. 

At engine speeds of 8000 and 11,000 rpm, the static pressure 
was slightly higher at the top of the exhaust nozzle than at the 
bottom. At an ongino speed of 12,450 rpm, the static pressure at 
the bottom of the nozzle was higher. 


SUMMARY 0E RESULTS 


The following results were obtained from an investigation of 
the X24C-4B turbojet engine in the Cleveland altitude wind tunnel 
at simulated altitudes from 5000 to 45,000 feet, simulated flight 
Mach numbers from 0.25 to 1.08, and engine speeds from 4000 to 
12,500 rpm. 

1. Use of generalization factors in the presentation of the 
effect of altitude on the pressures and temperatures at each 
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measuring station in the engine shoved that the data did not gen- 
eralize above an altitude of 25,000 feet, vhich indicated a change 
in engine- component efficiency with increase in altitude above 

25.000 feet. 

2. Total -pres sure distribution at the compressor outlet varied 
only vith change in engine speed. At an engine speed of 8000 rpra, 
the pressure distribution was uniform across the passage. At 

11.000 rpm, a total- pres sure peak occurred at approximately 3/4 inch 
from the outer wall; whereas at the inner wall the total and static 
pressure remained approximately equal. At 12,450 rpm, the total- 
pressure peak increased in magnitude and moved nearer the outer wall 
while total and static pressures at the inner wall remained approx- 
imately equal. 

3. At altitudes above 35,000 feet and engine speeds above 

11,000 rpm, the peak temperature at the turbine-outlet annulus moved 
inward toward the root of the blade, which is undesirable from blade- 
stress considerations . 

4. The temperature levels at the turbine outlet and the exhaust- 
nozzle outlet were lowered as the Mach number was Increased, 

5. The static-pressure measurements obtained at each stator 
stage of the compressor showed a pressure drop through the Inlet 
guide vanes and the first-stage rotor at an engine speed of 

12,450 rpm that was not encountered at 8000 rpm and was only slightly 
noticeable at 11,000 rpm. 
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6. The average values measured hy the manufacturer's Instru- 
mentation were in close agreement with the average values obtained 
with the NACA instrumentation. 
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TABLE I. - AVERAOE PRESSURES AMD TEMPERATURES THROUGHOUT X94C-4B 
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F- 

P a 
rH 

-o 

C *4 
P H 
cd 

O » 
-rd © 

IS 

Total pressure, P^, 
(lb/sq ft aba.) 

ID 

•>.0 

s: 

U1 U 

w 

£ • 

a\ 

O «H 
P 

<0 » 

££ 

i 

<9 

U— * 

£ 
p *• 
CVi 

•o » 

« w* 

pf - 

n> 

u * 
•H <y 

is 

MP 

* 

£1 
3 S> 
e o 
m 

it p 

k u 

cr 
p n 

O p-t 
h w 

Total pressure, P 2> 
(lb/sq ft abs.) a 

in 

£3 

3 p 

few 

m 

« cr 
u in 

W r-i 
P 

fO • 
££ 

1 

2 

3 

4 

5 

6 

1 

5,000 

1.037 

0.83 

1760 

528 

4 ,000 

38 

5 U 

1826 

I 8 l 7 

5 l & 

Te 55 

Tm 

TM 15 

T 53 S 

Tm 

Tm 

TTZZ 

Tm 

TS 7 T 

2 

5,000 

1.038 

.23 

1760 

529 

6,000 

147 

513 

1827 

1803 

513 

1826 

1026 

1809 

1844 

1908 

1985 

2042 

2105 

2168 

3 

5,000 

1.038 

,23 

1760 

519 

8,000 

419 

512 

1831 

1779 

510 

1827 

1820 

1789 

1844 

1971 

2105 

2225 

2351 

2478 

4 

5,000 

1.040 

.24 

1760 

537 

9,000 

669 

515 

1936 

1755 

512 

1831 

1833 

1773 

1859 

1999 

2168 

2380 

2548 

2746 

6 

5,000 

T .037 

.23 

1753 

541 

10,000 

1002 

513 

1831 

1709 

510 

1817 

1826 

1735 

1809 

1957 

2176 

2429 

2696 

2943 

6 

5,000 

1.045 

.25 

1753 

465 

11,000 

1414 

506 

1842 

1675 

509 

1832 

1837 

1712 

1726 

I 860 

2154 

2471 

2795 

3119 

7 

5,000 

1.050 

.26 

1753 

465 

11,500 

1659 

505 

1845 

1663 

509 

1840 

1849 

1705 

1676 

1795 

2105 

2457 

2809 

3161 

8 

5,000 

1.048 

.26 

1767 

483 

12,000 

1920 

507 

1870 

1660 

510 

1851 

1865 

1706 

1619 

1732 

2042 

2415 

2802 

3168 

9 

5,000 

1.051 

.27 

1760 

488 

12,500 

2278 

492 

1872 

1638 

495 

1850 

1866 

1692 

(c) 

(c) 

(c) 

(c ) 

( o ) 

(o) 

10 

15,000 

1.037 

.23 

1190 

439 

4,000 

24 

458 

1235 

1220 

460 

1234 

1235 

1230 

1262 

1253 

1282 

1303 

1317 

133 B 

11 

15,000 

1.039 

.23 

1190 

435 

6,000 

114 

462 

1238 

1220 

465 

1236 

1236 

1223 

1246 

1303 

1369 

1401 

1443 

1493 

12 

16 ,000 

1.039 

.23 

♦ 1190 

437 

8,000 

326 

469 

1237 

1199 

470 

1237 

1238 

1208 

1246 

1338 

1436 

1521 

1612 

1711 

13 

16,000 

1.040 

• 24 

1190 

441 

9,000 

513 

475 

1241 

U 78 

476 

1230 

1240 

1193 

1260 

1352 

1479 

1605 

1760 

1908 

14 

15,000 

1 . 043 

.25 

1190 

441 

10,000 

782 

469 

1246 

1154 

473 

1241 

1243 

1174 

1218 

1317 

1493 

1704 

1866 

2056 

15 

15 ,0OO 

1.048 

.26 

1190 

443 

11,000 

1092 

467 

1255 

1130 

469 

1247 

1251 

1157 

1091 

1232 

1436 

1662 

1906 

2133 

16 

15,000 

1.051 

.27 

1190 

446 

11,600 

1324 

466 

1259 

1 117 

469 

1251 

1257 

1149 

1084 

1148 

1366 

1612 

1873 

2126 

17 

16 ,000 

1 . 0 S 2 

.27 

1190 

444 

12,000 

1473 

467 

1261 

1108 

470 

1252 

1258 

1143 

1035 

1098 

1310 

1570 

1845 

2119 

18 

15,000 

1 . 046 

• 26 j 

11&3 

461 

12 ,500 

1686 

473 

1252 

1092 

475 

1230 

1247 

1128 

966 

1014 

1225 

1403 

1781 

2077 

19 

15,000 

1.210 

.53 

1190 

622 

6,000 

-41 

507 

14 42 

1419 

507 

1440 

1439 

1424 

1450 

1514 

1570 

1619 

1669 

1732 

20 

16,000 

1.209 

• 53 

1197 

522 

8,000 

119 

506 

1450 

1403 

506 

1447 

1446 

1413 

1467 

1556 

1655 

1767 

1880 

1993 

21 

15,000 

1.200 

.53 

1197 

493 

9,000 

272 

510 

1451 

1382 

509 

1446 

1447 

1390 

1465 

1570 

1704 

1852 

2014 

2169 

22 

16,000 

1.210 

. 53 

1204 

503 

10,000 

538 

409 

1463 

1363 

507 

1457 

1458 

1386 

1436 

1556 

1542 

1920 

2133 

2344 

23 

15,000 

1.217 

.54 

1190 

508 

11,000 

925 

502 

1457 

1321 

500 

1440 

1452 

1351 

1338 

1443 

1669 

1936 

2183 

2443 

24 

15,000 

1.222 

.54 

1197 

507 

11,500 

1159 

493 

1474 

1315 

493 

1463 

1468 

1352 

1303 

1394 

1641 

1922 

22li 

2486 

25 

15,000 

1.221 

.54 

1197 

514 

12,000 

1335 

497 

1471 

1301 

497 

1461 

1467 

1341 

1260 

1331 

1577 

1873 

2176 

2471 

26 

15,000 

1.212 

.53 

1190 

467 

12,500 

1574 

492 

1457 

1275 

494 

1442 

1455 

1319 

(c) 

(c) 

(c) 

(o j 

(c ) 


27 

15,000 

1,415 

.72 

1190 

442 

8,000 

-9 

498 

1609 

1630 

498 

1684 

1682 

1642 

1704 

1817 

1929 

2063 

2211 

2345 

28 

15,000 

1.420 

.73 

1190 

440 

9,000 

165 

497 

1697 

1612 

499 

1690 

1689 

1630 

1711 

1824 

1993 

2169 

2359 

2542 

29 

15,000 

1.415 

.72 

1197 

446 

10,000 

450 

503 

1702 

1584 

502 

1694 

1694 

1611 

1669 

1802 

2021 

2246 

2485 

2718 

30 

15,000 

1.426 

.73 

1190 

450 

11,000 

909 

499 

1706 

1547 

500 

1696 

1700 

1594 

1549 

1697 

1971 

2267 

2570 

2851 

31 

15,000 

1.423 

.72 

1190 

466 

11,600 

1195 

492 

1710 

1525 

494 

1693 

1706 

1569 

1514 

1619 

1753 

2232 

2556 

2873 

32 

15,000 

1.424 

.72 

1197 

451 

12,000 

1449 

500 

1718 

1520 

500 

1704 

1711 

1668 

1465 

1556 

1852 

2295 

2535 

2873 

33 

15,000 

1.421 

.73 

1190 

481 

12,500 

1621 

512 

1710 

1501 

514 

1691 

1706 

1552 

1408 

1486 

1767 

2112 

2478 

2830 

34 

25 , 000 

1.037 

.23 

774 

439 

6,000 

91 

442 

803 

791 

443 

803 

803 

795 

809 

844 

880 

915 

943 

971 

35 

25,000 

1.037 

.23 

788 

443 

8,000 

259 

443 

819 

792 

445 

817 

818 

796 

823 

887 

950 

1013 

1077 

1147 

36 

26,000 

1.041 

.24 

781 

439 

9,000 

387 

439 

815 

771 

440 

813 

614 

778 

016 

880 

964 

1063 

1168 

1281 

37 

25,000 

1.046 

.26 

781 

440 

10,000 

569 

439 

821 

756 

439 

817 

819 

769 

795 

858 

97 B 

1098 

1239 

1372 

38 

25,000 

1.046 

.26 

781 

447 

11 ,000 

829 

438 

822 

735 

441 

817 

820 

754 

725 

781 

922 

1077 

1239 

1408 

39 

26,000 

1,049 

.25 

781 

450 

11,. 500 

964 

439 

825 

729 

439 

619 

824 

750 

682 

732 

873 

1034 

1210 

1393 

40 

25,000 

1.009 

.10 

774 

455 

11,800 

1094 

439 

788 

688 

439 

781 

785 

710 

661 

704 

844 

1013 

1196 

1379 

41 

25,000 

1.045 

.25 

781 

454 

12,000 

1108 

436 

825 

721 

439 

816 

823 

745 

647 

689 

760 

1006 

1106 

1393 

42 

25,000 

1.045 

.25 

781 

456 

12,350 

1192 

439 

826 

720 

441 

816 

823 

744 

619 

661 

795 

985 

1182 

1393 

43 

25 , 000 

1.210 

.63 

781 

444 

7,000 

61 

4541 

947 

923 

455 

945 

944 

913 

943 

999 

1063 

1119 

1182 

1239 

44 

25 ,000 

1.202 

, 52 

788 

445 

8,000 

146 

453 

949 

915 

455 

947 

947 

922 

957 

1027 

1098 

1175 

1260 

1344 

45 

25,000 

1.211 

.53 

774 

441 

9,000 

275 

445 

941 

886 

446 

937 

937 

890 

936 

1013 

1112 

1225 

1344 

1465 

46 

25,000 

1,203 

• 52 

788 

436 

10,000 

472 

450 

953 

077 

451 

948 

949 

894 

922 

999 

1126 

1274 

1422 

1576 

47 

25,000 

1,208 

.53 

774 

439 

11,000 

759 

451 

94 $, 

843 

452 

935 

938 

865 

837 

907 

1056 

1232 

1422 

1598 

48 

25,000 

1.209 

.53 

781 

440 

11,500 

938 

451 

952 

840 

4 54 

944 

040 

866 

(o) 

(o) 

(c) 

(c) 

1408 

1612 

49 

25,000 

1.213 

.53 

701 

439 

12,000 

1056 

455 

954 

836 

454 

947 

950 

863 

760 

816 

964 

1168 

1373 

1591 

60 

25,000 

1.207 

.53 

781 

466 

12,450 

1217 

450 

954 

830 

451 

943 

953 

861 

711 

753 

908 

1119 

1351 

1591 

51 

25,000 

1.428 

.73 

781 

450 

8,950 

165 

465 

1119 

1059 

467 

1115 

1116 

1072 

1119 

1196 

1309 

1436 

1569 

1609 

52 

25,000 

1.417 

.73 

701 

441 

10,000 

398 

469 

1113 

1029 

470 

1107 

1109 

1047 

1077 

1168 

1316 

1478 

1640 

1802 

53 

25,000 

1.428 

.73 

781 

454 

10,500 

592 

464 

1122 

1019 

464 

1115 

1117 

1042 

1049 

1126 

1295 

1478 

1675 

1858 

54 

25,000 

1.420 

® 73 

781 

440 

11,000 

742 

469 

1117 

1004 

469 

1109 

1120 

1029 

1013 

1091 

1267 

1471 

1682 

1879 

55 

25 ,000 

1,402 

.72 

788 

4 42 

11,500 

936 

470 

1114 

987 

470 

1105 

1108 

1016 

971 

1041 

1224 

1443 

1668 

1893 

56 

25,000 

1,428 

.73 

701 

442 

12,000 

1103 

470 

1124 

908 

470 

1115 

1120 

1020 

922 

978 

1161 

1386 

1633 

1858 

57 

25,000 

1.424 

.73 

781 

464 

12,400 

1306 

460 

1125 

981 

460 

1112 

1121 

1015 

858 

901 

1091 

1323 

1584 

1844 

58 

25,000 

1.424 

.73 

781 

i 464 

12,600 

1334 

460 

1125 

980 

461 

1112 

1122 

1015 

851 

694 

1077 

1316 

1577 

1844 

59 

25,000 

1,634 

.87 

774 

496 

9,500 

37 

503 

1270 

1104 

503 

1265 

1265 

1210 

1267 

1368 

1499 

1647 

1816 

1971 

60 

26,000 

1.624 

.86 

708 

479 

10,000 

337 

494 

1207 

1194 

495 

1280 

1281 

1215 

1263 

1358 

1513 

1696 

1879 

2062 

61 

26,000 

1.629 

,86 

774 

479 

10,500 

510 

495 

1269 

1161 

495 

1261 

1264 

1186 

1203 

1295 

1478 

1602 

1886 

2083 

62 

25,000 

1.626 

.86 

701 

486 

11,000 

679 

497 

1278 

1158 

496 

1270 

1272 

1186 

1182 

1274 

1471 

1696 

1914 

2126 

63 

26 ,000 

1 . 626 

,86 

701 

488 

11,500 

927 

498 

1279 

1142 

497 

1269 

1272 

1173 

1133 

1210 

1422 

1661 

1907 

2147 

64 

25,000 

1,633 

.87 

701 

496 

12,000 

1131 

500 

1286 

1137 

500 

1275 

1279 

1171 

1084 

1164 

(e) 

1626 

1886 

2147 

65 

25,000 

1.634 

.87 

781 

481 

12,500 

1351 

490 

1290 

1127 

490 

1276 

1206 

1167 

1027 

1077 

1208 

1555 

1830 

2105 

66 

25,000 

1.850 

.98 

781 

479 

8,000 

- 1,59 

504 

1450 

1399 

503 

1445 

1447 

1410 

1471 

1562 

1661 

1774 

1893 

1999 

67 

25,000 

1.841 

.98 

788 

471 

9,000 

12 

507 

1458 

1383 

607 

1451 

1455 

1399 

1464 

1576 

1703 

1865 

2020 

2182 

68 

25,000 

1.837 

.98 

781 

474 

10,000 

303 

502 

1445 

1342 

502 

1435 

1441 

1366 

1415 

1627 

1710 

1907 

2112 

2309 


Manufacturer's Instrumentation. 
^Data for stage 9 not obtained. 
c t)ata not obtained. 
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mm 

1 

2 


2027 

2035 

1985 

538 

637 

2065 

2070 

2082 


2017 

1943 

1021 

1076 

1238 

1011 

1009 

1701 

1088 

*<: W:i 

176? 

2246 

2323 

2415 

2337 

577 

580 

2613 

2520 

2467 

2406 

2400 

2232 

1927 

1165 

1281 

1894 

I860 

1816 

1134 


1777 

2626 

2774 

3065 

2978 

632 

035 

3294 

3309 

3220 

3102 

3105 

2786 

2149 

1161 

1294 

2060 

2028 

1894 

1182 

2042 

1813 

2960 

3168 

3676 

3527 

668 

672 

3952 

3978 

3854 

3693 

3700 

3276 

2388 

1160 

1286 

2211 

2182 

1970 

1170 

2188 

1840 

3238 

3499 

4182 

4133 

703 

710 

4755 

4780 

4628 

4426 

4435 

3896 

2676 

1180 

1295 

2438 

2387 

2091 

1198 

2376 

1877 

3471 

3865 

4837 

5041 

738 

751 

5703 

5709 

5527 

5294 

5300 

4649 

3095 

1235 

1393 

2685 

2660 

2276 

1242 

2617 

1948 

3548 

3999 

5160 

5498 

756 

767 

6168 

6146 

5967 

5731 

5738 

5024 

3318 

1285 

1443 

2841 

2823 

2394 

1298 

2774 

2006 

3597 

4425 

5533 

5907 

776 

706 

6678 

6674 

6461 

6230 

6234 

5442 

3593 

1372 

1429 

3048 

3013 

2539 

1377 

2966 

2091 

(r) 

(o) 

<c) 

<o) 

785 

789 

(c) 

(o) 

<o) 

(o) 

(c) 

(c) 

(c) 

1450 

1631 

(o) 

(c) 

,(o) 

1456 

3189 

2183 

1359 

1387 

1401 

1373 

490 

490 

S3 

1429 

1412 

1403 

1389 

1331 

1234 

1016 

1136 

1226 

1225 

1204 

1021 

n 32 

1197 

1549 

1612 

1690 

1648 

535 

637 


1774 

1739 

1681 

1690 

1568 

1319 

1055 

1182 

1288 

1202 

1232 

1054 


1206 

1817 

1943 

2164 

2119 

592 

690 

mil 

2366 

2293 

2206 

2211 

1976 

1491 

1079 

1219 

1404 

1401 

1296 

1097 

1404 

1229 

2070 

9232 

2563 

2649 

634 

642 

2860 

2880 

2788 

2668 

2675 

2361 

1667 

1085 

1237 

1526 

1514 

1359 

1090 

1617 

1253 

2260 

2492 

3013 

3070 

664 

674 

3486 

3506 

3390 

3243 

3246 

2851 

1924 

1104 

1265 

1698 

1697 

1470 

1104 

1665 

1291 

2401 

2697 

3478 

3717 

698 

708 

4154 

4140 

4021 

3863 

3869 

3391 

2241 

1188 

1344 

1917 

1915 

1614 

1199 

1861 

1353 

2422 

2788 

3781 

4133 

772 

729 

4550 

4569 

4397 

4250 

4256 

3724 

2429 

1287 

1433 

2060 

2056 

1723 

1294 

2021 

1410 

2443 

2844 

3978 

4386 

738 

745 

4840 

4809 

4634 

4513 

4513 

3930 

2577 

1370 

1518 

2162 

2176 

1010 

1372 

2122 

1459 

2429 

2922 

4668 

4541 

767 

768 

5014 

5062 

4834 

4761 

4766 

4152 

2720 

1503 

1630 

£273 

2281 

1885 

1494 

2225 

1504 

1774 

1824 

1817 

1641 

662 

564 

1820 

1817 

1769 

1706 

1708 

1577 

1322 

847 

919 

1300 

1303 

1239 

854 

1288 

1204 

2105 

2211 

2373 

2169 

621 

625 

2493 

2499 

2415 

para 

2309 

2050 

1521 

940 

1032 

1447 

1422 

1310 

941 

1430 

1241 

2330 

2485 

2753 

2605 

656 

660 

2989 

3006 

2898 


27G7 

2436 

1706 

992 

1106 

1670 

1570 

1380 

987 

1554 

1267 

2549 

2774 

3246 

3196 

690 

695 

3648 

3675 

3547 

3377 

3386 

2964 

1978 

1045 

1160 

1767 

1725 

1490 

1046 

1723 

1319 

2711 

3027 

3788 

3929 

721 

729 

4475 

4485 

4336 

4144 

4154 

3638 

2385 

1147 

1276 

2042 

1993 

1600 

1145 

1964 

1390 

2802 

3168 

4154 

4464 

737 

746 

4995 

4985 

4636 

4640 

4647 

4064 

2645 

1230 

1328 

2262 

2204 

1850 

1242 

2170 

1479 

2809 

3217 

4358 

4766 

766 

771 

5263 

5273 

5080 

4905 

4910 

4297 

2793 

1340 

1443 

2380 

2316 

1941 

1341 

2289 

1537 

(c) 

(c) 

(o) 

(c) 

781 

705 

(c) 

(o) 

(c) 

(o) 

(o) 

(c) 

(o) 

1425 

1570 

(o) 

(c) 

(c) 

1418 

2432 

1617 

2471 

2577 

2704 

2338 

605 

610 

2761 

2760 

2644 

2508 

2514 

2225 

1591 

786 

027 

1470 

14 65 

1329 

767 

1476 

1244 

2726 

2887 

3168 

2830 

639 

646 

3369 

3372 

3241 

3068 

3077 

2702 

1831 

851 

919 

1641 

1626 

1429 

845 

1634 

1277 

2957 

3196 

3689 

3520 

682 

690 

4107 

4133 

3981 

3779 

3788 

3311 

2178 

949 

1068 

1875 

1873 

1584 

937 

1835 

1349 

3188 

3506 

4330 

4393 

720 

731 

5062 

5090 

4916, 

4689 

4696 

4107 

2676 

1083 

1230 

2241 

2225 

1857 

1083 

2108 

1484 

3218 

3633 

4696 

4893 

733 

743 

5648 

5646 

5462 

5231 

6245 

4576 

2981 

1160 

1311 

2477 

2459 

2037 

1168 

2416 

1600 

3253 

3717 

4977 

5407 

762 

773 

6040 

6026 

5823 

5606 

6615 

4886 

3187 

1260 

1441 

2661 

2647 

2192 

1290 

2591 

1693 

3232 

3753 

5196 

5639 

799 

805 

6337 

6357 

6087 

5905 

5911 

5151 

3370 

1401 

1539 

2801 

2795 

2300 

1402 

2722 

1775 

1013 

1063 

1119 

1091 

514 

515 

1170 

1175 

1152 

HUD 

1119 

1032 

866 

1074 

1258 

844 

837 

802 

1084 

838 

788 

1224 

1316 

1471 

1464 

671 

676 

1615 

1626 

1580 

1527 

1517 

1353 

1001 

1064 

1248 

950 

936 

868 

1092 

946 

818 

1386 

1513 

1760 

1774 

598 

606 

1986 

1999 

1936 

1881 

1066 

1635 

1138 

1048 

1804 

1042 

1020 

908 

1059 

1020 

830 

1520 

1689 

2076 

2154 

631 

642 

2426 

2435 

2357 

2253 

2259 

1983 

1323 

1084 

1239 

117^ 

1154 

997 

1002 

1128 

865 

1591 

1809 

2421 

2625 

673 

680 

2891 

2893 

2795 

2700 

2707 

2365 

1550 

1808 

1348 

1316 

1316 

1103 

1222 

1293 

914 

1598 

1872 

2597 

2851 

693 

690 

3136 

3118 

3003 

2935 

2935 

2671 

1670 

1302 

1441 

1406 

1415 

1173 

1316 

1386 

951 

1605 

1900 

2689 

2942 

704 

707 

3235 

32101 

3002 

3018 

3020 

2642 

1722 

1339 

1498 

1448 

1450 

1205 

1353 

1415 

962 

1640 

1971 

2830 

3013 

714 

716 

3382 

3358 

3204 

3153 

3153 

2754 

1797 

1419 

1540 

1607 

1513 

1248 

1400 

1470 

993 

1661 

2027 

2942 

3118 

732 

736 

3500 

3463 

3297 

3268 

3266 

2851 

1865 

1516 

1642 

1567 

1562 

1290 

1504 

1524 

1021 

1302 

1366 

1422 

1316 

641 

547 

1484 

1485 

1441 

1377 

1386 

1241 

950 

860 

945 

916 

901 

837 

841 

898 

804 

1429 

1520 

1647 

1541 

571 

576 

1760 

1767 

1709 

1630 

1633 

1452 

1046 

898 

979 

983 

971 

880 

901 

«972 

825 

1591 

1717 

1964 

1907 

596 

603 

2180 

2203 

2121 

2017 

2020 

1781 

1203 

938 

1043 

1091 

1070 

936 

914 

1061 

837 

1731 

1907 

2302 

2344 

637 

647 

2665 

2082 

2588 

2468 

2471 

2166 

1424 

1011 

1151 

1246 

1224 

1046 

1008 

1199 

893 

1802 

2041 

2654 

2857 

677 

686 

3184 

3182 

3080 

2961 

2963 

2592 

1684 

1137 

12M 

1443 

1422 

1180 

1167 

1389 

951 

1037 

2126 

2900 

3189 

704 

712 

3513 

3520 

3378 

3277 

3280 

2b70 

1846 

1868 

1415 

1580 

1569 

(o) 

1286 

1624 

1016 

1844 

2168 

3069 

3372 

726 

730 

3720 

3689 

3550 

3468 

,3470 

3036 

1961 

1369 

1617 

1672 

1654 

1360 

1381 

1600 

1063 

1886 

2295 

3351 

3561 

745 

748 

4002 

3956 

3768 

3728 

3731 

3257 

2121 

1510 

1648 

1768 

1774 

1455 

1497 

1684 

1127 

1023 

1943 

2161 

1978 

600 

615 

2330 

2337 

2248 

2130 

2140 

1874 

1253 

836 

900 

1130 

1105 

969 

831 

1103 

851 

1970 

2154 

2541 

2449 

651 

669 

2879 

2900 

2796 

2654 

2668 

2325 

1516 

968 

1071 

1297 

1268 

1004 

942 

1263 

954 

2062 

2281 

2816 

2079 

671 

679 

3302 

3315 

3204 

3069 

3062 

2675 

1734 

1036 

1173 

1478 

1460 

1208 

1033 

1430 

972 

2105 

9351 

2999 

3153 

691 

701 

3574 

3583 

3459 

3306 

3312 

2907 

1877 

1103 

1840 

1698 

1569 

1300 

1119 

1532 

1021 

2147 

2442 

3273 

3541 

719 

727 

3934 

3935 

3800 

3664 

3667 

3208 

2076 

1231 

1362 

1767 

1724 

1434 

1242 

1689 

1108 

2140 

2485 

3463 

3815 

740 

745 

4207 

4202 

4037 

3921 

3921 

3430 

2219 

1388 

1483 

1880 

1844 

1625 

1334 

1803 

1170 

2161 

2590 

3766 

4033 

745 

747 

453 4 

4 498 

4277 

4224 

4220 

3686 

2398 

1434 

1577 

1991 

1999 

1646 

1426 

1949 

1264 

2168 

2618 

3822 

4083 

752 

764 

4584 

4547 

4333 

4273 

4277 

3731 

2428 

1469 

1697 

2017 

2020 

1661 

1461 

1970 

1276 

2126 

2974 

2541 

2302 

660 

666 

2746 

2752 

26 42 

2496 

2606 

2191 

1434 

856 

959 

1268 

1232 

1042 

848 

1207 

880 

2238 

2428 

2816 

2696 

673 

681 

3149 

3160 

3039 

2883 

2893 

2525 

1638 

934 

1001 

1406 

1379 

1151 

910 

1353 

945 

2296 

2520 

3034 

3034 

696 

703 

3 488 

3513 

3384 

3216 

3224 

2811 

1818 

1018 

1127 

1548 

1606 

1255 

999 

1490 

996 

2358 

2618 

3245 

3301 

714 

724 

3809 

3829 

3692 

3524 

3531 

3081 

1994 

1087 

1215 

1689 

1654 

1374 

1082 

1622 

1067 

2407 

2710 

3520 

3752 

740 

749 

4232 

4224 

4089 

3919 

3925 

3430 

2217 

1202 

1322 

1880 

1830 

1520 

1212 

1805 

1164 

2436 

27R0 

3787 

3928 

763 

769 

4575 


4412 

4264 

4270 

3724 

2409 

1325 

1441 

2043 

1992 


1329 

1969 

1271 

2436 

2865 

4083 

4400 

774 

778 

4991 

BZE 

4764 

4648 

4663 

4052 

2642 

1425 

1649 

2183 

2189 

RfjtFi 

1415 

2133 

1372 

2105 

2189 

2231 

1647 

603 

609 

2156 

2161 

2044 

1914 

1921 

1691 

1156 

6 47 

662 

1048 

1041 

Inn 

643 

1038 

835 

2330 

2471 

2661 

2161 

640 

653 

2767 

2759 

2635 

2480 

2485 

2173 

1426 

755 

709 

1237 

1232 

1034 

728 

1218 

891 

2606 

2710 

3104 

2816 

677 

684 

3424 

3449 

3311 

3134 

3146 

2740 

1783 

093 

970 

1489 

1470 

1230 

808 

1448 

984 
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TABLE T. - CONCLUDED. AVERAGE PRESSURES AND TEMPER A TTTRES THROUGHOUT 



1 

e 

3 

< 

5 

6 

7 

T2 


io! 

in 

12i 

13l 

in 

30 

16l 

ji_L 

lal 

i»l 

20 ] 

1 

<y 

p 

P 4J 
>—i V. 
-4 

o 

p 

CO 

u 

4> 

% 

</> 

to 

• 

U 

a o 

i> 

u 

© 

! 

c 

A 

o 

2 

P 

ft 

5 

Tunnel- static 
pressure, 

( lb/sq ft abs . ) 

oT 

u 

3 

P 

(0 

u 

<y 

! 

p 

r-t 

|? 

p 

01 

& 

w 

l! 


Cowl inlet 

Compressor inlet 

Compressor stator- 
stage static 
pressure, p 3 
(lb/sq ft abs.) 

ft? 

p 

IA 

1 

P 

P X> 

<y 

X 

nJ 

82= 

r 

p - 
rH 

P • 

4» «r-t 
<0 

o * 

«H <U 

2D 

MP 

Total pressure, 
(lb/sq ft abs.) 

Static pressure, 

Pit (lb/sq ft abs . ) 

i 

© 

P 

p * 

CNJ 
P < 

© «H 

p H 

<0 

o •> 

i§ 

M p 

Total pressure, P g » 
(lb/sq ft abs.) 

£ 

(0 

© • 
t, © 

3 JO 

M « 

« P 
U H 

a 

cr 

P JO 
O >— ( 
H — 

to 

« 03 

u 

3 P 
u U 
(0 

© u* 
u « 

a\ 

JO 

O r-t 
«rt • — • 
P 

© * 

£ W 

oo a 

1 

2 

3 

4 

5 

6 

69 

25,000 

1.846 

0.98 

781 

403 

11,000 

746 

503 

1454 

1316 

500 

1442 

1451 

1349 

1344 

14 43 

1337 

1921 

2168 

2421 

70 

25,000 

1.846 

.98 

701 

400 

11,500 

970 

503 

1456 

1301 

503 

1442 

1452 

1338 

1302 

1393 

1344 

1900 

2175 

2435 

71 

25,000 

1.843 

.98 

788 

477 

12,000 

1219 

504 

1466 

1207 

504 

1462 

1463 

1338 

1253 

1330 

1576 

1858 

2154 

2442 

72 

25,000 

1.836 

,98 

788 

476 

12,500 

1455 

506 

1464 

1282 

505 

1447 

1450 

1325 

1189 

1246 

1365 

1788 

2104 

2407 

73 

25,000 

2.063 

1.07 

780 

519 

0,500 

152 

509 

1633 

1534 

509 

1626 

1628 

1557 

1626 

1738 

1921 

2119 

2330 

2620 

74 

25,000 

2.078 

1.08 

781 

512 

10,000 

332 

506 

1631 

1516 

506 

1623 

1625 

1543 

1591 

1710 

1921 

2140 

2365 

2597 

75 

25,000 

2.074 

1.08 

781 

496 

10,500 

584 

604 

1629 

1495 

504 

1620 

1622 

1526 

1555 

1675 

1900 

2154 

2407 

2661 

76 

25,000 

2.076 

1.08 

780 

500 

11,000 

826 

506 

1647 

1493 

505 

1636 

1638 

1628 

1527 

1647 

1900 

2175 

2464 

2738 

77 

25,000 

2.073 

1.08 

781 

514 

11,600 

1114 

506 

1631 

1459 

506 

1619 

1623 

1499 

1457 

1555 

1816 

2189 

2435 

2731 

78 

25,000 

2.073 

1.08 

781 

517 

12,000 

1355 

506 

1632 

1445 

506 

1619 

1623 

1489 

1401 

1478 

1753 

2069 

2400 

2724 

79 

25,000 

2.054 

1.07 

781 

490 

12,500 

1617 

504 

1631 

1430 

504 

1604 

1627 

1478 

1330 

1393 

1675 

1999 

2351 

2689 

80 

35,000 

1.032 

.22 

493 

440 

7,000 

100 

438 

509 

499 

442 

509 

509 

601 

514 

542 

577 

606 

627 

662 

81 

35,000 

1.041 

.24 

493 

444 

8,000 

152 

440 

513 

498 

441 

513 

513 

801 

614 

656 

599 

634 

676 

718 

82 

35,000 

1.040 

.24 

500 

445 

9,000 

263 

436 

521 

493 

438 

620 

521 

499 

514 

563 

6X3 

676 

739 

817 

83 

35,000 

1.042 

.24 

500 

444 

10,000 

386 

437 

524 

484 

439 

521 

523 

491 

600 

549 

620 

697 

782 

866 

84 

35,000 

1.048 

.26 

500 

445 

11,000 

560 

437 

628 

473 

439 

524 

525 

485 

465 

500 

592 

690 

803 

908 

85 

35,000 

1.050 

.26 

500 

447 

11,600 

669 

435 

530 

468 

435 

525 

527 

481 

437 

472 

563 

677 

789 

916 

86 

35,000 

1.046 

.26 

500 

444 

12,000 

762 

430 

529 

463 

431 

523 

527 

478 

408 

444 

528 

648 

775 

915 

87 

35,000 

1.046 

.26 

500 

445 

12,200 

788 

429 

530 

463 

431 

523 

526 

477 

401 

437 

521 

648 

775 

929 

88 

35,000 

1.205 

.52 

493 

433 

8,000 

97 

448 

595 

573 

448 

594 

595 

679 

699 

641 

690 

739 

799 

845 

89 

35,000 

1.197 

.52 

493 

441 

9,000 

200 

441 

693 

560 

444 

590 

590 

666 

592 

641 

704 

760 

845 

922 

90 

35,000 

1.200 

.52 

500 

440 

10,000 

321 

450 

603 

557 

451 

600 

602 

86 8 

577 

627 

711 

796 

958 

993 

91 

35,000 

1.210 

.53 

500 

441 

11,000 

536 

442 

608 

554 

444 

605 

606 

689 

535 

584 

683 

789 

908 

1035 

92 

35,000 

1.210 

.53 

500 

444 

11,600 

672 

440 

610 

539 

440 

605 

607 

654 

507 

549 

640 

768 

901 

1042 

93 

35,000 

1.205 

.53 

493 

430 

11,900 

714 

452 

599 

527 

452 

504 

598 

544 

479 

514 

613 

739 

873 

1021 

94 

35,000 

1.404 

.72 

500 

447 

9,000 

146 

439 

705 

665 

440 

702 

704 

674 

711 

760 

838 

922 

1000 

1105 

95 

35,000 

1.404 

.72 

500 

445 

10,000 

318 

445 

705 

648 

4 45 

702 

704 

661 

683 

732 

831 

944 

1049 

1162 

96 

35,000 

1.412 

.72 

500 

445 

10,500 

426 

445 

711 

643 

4 46 

706 

707 

658 

648 

697 

810 

929 

1056 

llfif3 

*97 

35,000 

1.414 

.72 

500 

447 

11,000 

562 

439 

712 

636 

443 

707 

708 

653 

627 

076 

796 

922 

1056 

1204 

00 

35,000 

1.414 

.72 

500 

449 

11,500 

708 

443 

712 

629 

443 

707 

709 

647 

592 

627 

746 

887 

1042 

1197 

99 

35,000 

1.416 

.73 

493 

450 

12,000 

854 

435 

706 

617 

436 

699 

702 

637 

542 

577 

697 

852 

1014 

1190 

100 

35,000 

1.412 

.72 

493 

450 

12 , 000 

862 

430 

705 

615 

431 

696 

704 

636 

542 

577 

697 

045 

1014 

1190 

101 

35,000 

1.410 

.72 

500 

456 

12,450 

982 

430 

714 

621 

431 

705 

711 

642 

521 

649 

669 

838 

1028 

1232 

102 

35,000 

1.602 

.85 

500 

448 

8,000 

106 

443 

805 

758 

444 

801 

001 

768 

803 

866 

951 

1042 

1140 

1246 

103 

35,000 

1.617 

.86 

493 

443 

10,000 

345 

444 

802 

735 

445 

797 

799 

750 

761 

024 

929 

1063 

1197 

1317 

104 

35,000 

1.615 

.86 

493 

444 

10,500 

456 

447 

802 

726 

448 

796 

796 

743 

" 669 

798 

915 

1063 

1204 

1338 

105 

35,000 

1.612 

,85 

500 

448 

11,000 

629 

444 

812 

725 

446 

006 

609 

744 

718 

768 

901 

1049 

1211 

1366 

106 

35,000 

1.608 

• 85 

500 

452 

11,500 

801 

443 

811 

715 

443 

804 

807 

736 

669 

718 

852 

1007 

1183 

1359 

107 

35,000 

1,615 

.85 

493 

452 

12,000 

888 

445 

B02 

702 

460 

796 

798 

726 

634 

669 

803 

972 

1141 

1331 

108 

35,000 

1.618 

.85 

600 

457 

12,500 

1011 

460 

819 

714 

463 

809 

817 

739 

620 

655 

789 

965 

1155 
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Figure 37. - Effect of engine speed on indicated temperature at 
turbine out let , station 7. Mach number , approximately 0.53; 
altitude, 25,000 feet. 

(a) Badial distribution. 

(b) Circumferential distribution. 

Figure 38. - Effect of engine speed on total pressure, static 
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station 8. Maoh number, approximately, 0.53; altitude, 
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Figure 2, - Double-annulus combustion chamber of X24C-4B turbojet engine. 
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Figure 4. - Concluded. Instrumentation at cowl inlet, station I, 41-^- 

inches in front of front flange of oi I cooler. 
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(a) Location of Instrumentation. 

Figure 5. - Instrumentation at compressor inlet, station 2, inch 
behind rear flange of oi I cooler. 
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Figure 7. - instrumentation at compressor outlet, station A, I inches 
behind trailing edge of compressor-outlet straightening vanes. 
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Cent er line j 

(b) Detail sketch of static-pressure-tube 1 

Figure 7. - Continued. Instrumentation at compress 
|4>- inches behind trailing edge of comp resso r-ou 1 1 
vanes. 
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(c) Detail sketch of total-pressure-tube and '\naca^? = ’ 

thermocouple installation. 

Figure 7. - Concluded. Instrumentation at compressor outlet, station 4, 
I inches behind trailing edge of compressor-outlet straightening 
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Figure 8, - Continued. instrumentation at compressor outlet, station* 4. 
3^ inches behind trailing edge of com p rssso r-ou 1 1 et st r& i gh t en \ n g 
vanes, 

confidential 



NACA RM No, SET 122 


CON FI DENT! AL 


35 



[railing edge of 
compress or- out let 
straightening vanes 


I — Location of 

thermocouple 


Air flow 


16 7" 


(c) Detail sketch of manufacturer’s temperature rake* 

Figure 8. - Concluded. Instrumentation at compressor outlet, station 4 
3|^ inches behind trailing edge of comp resso r-out I et straightening 
vanes. 
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Figure 9. - Instrumentation at turbine inlet, station 5, 2^ inches in 
front of center line of first-stage turbine stator blade. 
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Figure 9.— Cone I uded. Instrumentation at turbine inlet, station 5, 
2^ inches in front of center line of first-stage turbine stator 
b I ad e . 
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Figure 13 



(b) Detail sketch of manufacturer’s total-pressure integrating rake, 

- Continued. | nst rument at i on at turbine outlet, station 1, 2 ^ inches behind rear flange of 

turbine casing. 
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(b) Detail sketch of pressure and temperature survey rake* 

Figure 1 4. - Concluded. instrumentation in exhaust-nozzle outlet, 

tion 8, I inch in front of rear edge of exhaust-nozzle outlet 
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Figure |5. - Variation of average total and static pressures through engine for several altitudes. 
Mach number, approximately 0.53; average corrected engine speed, 11,855 rpm. 
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Figure 16. - Effe.ct of altitude on corrected tota l-pressu re, static-pressure, and i nd i cated-tempe rat u re 
distribution at cowl inlet, station I. Mach number, app roxJmate ly 0.53; average corrected engine 
speed, I 1 , 855 rpm. ui 
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Figure 17, - Effect of altitude on radial and c i rcumferen t i a I distribution of corrected total pres- 
sure, static pressure, and indicated temperature at compressor inlet, station 2. Mach number, 
approximately 0.53; average corrected engine speed, 11,855 rpm. 
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Figure 19. - Effect of altitude on circumferential distribution of corrected total pressure at turbine 
inlet / station 5. Mach number, approximately 0.53; average corrected engine speed, 11,855 rpm. 
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Figure 20 . - Effect of altitude on radial distribution of corrected total pressure at turbine outlet 
station *7. Mach number, approximately 0.53; average corrected engine speed, I 1 , 855 rpm. 
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Figure 21. - Effect of altitude on corrected indicated temperature at turbine outlet, station 7. Mach 
number, approx imate ly 0.53; average corrected engine speed,. I 1 , 855 rpm. 
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Figure 21. - Concluded. Effect of altitude on corrected indicated temperature at turbine outlet, sta- 
tion 7. Mach number, approximately 0.53; average corrected engine speed, 11,855 rpm. vji 


NACA RM NO. SE7L22 CONFIDENTIAL 


< 2 > 


1600 


£ 

4 -> 

af 

u 

c 

B 

4-» 


1400 


-o 

(0 


o 9 


• 

4J 

(0 

O 

•o 

e 


1200 


O 

o 


a 

m 


2200 


o 

"Jb 

a 


3600 


a> 

£ 

w 

S3 

0> 

U 

O. 


2000 5 

4 -> 

cr 


2 1800 2 


*p 

£ 

3 


MOO 


3200 


<0 

O 

e* 


2800 





y 





1 

m 

■ 

■ 


■ 

■ 

■ 











— ? 
/ 


— 



r-V 

=i 

v 








Altitude 

(ft) 

□ 15,000 

0 26,000 
A 35,000 
V 4§,000 

Corrected total 

pressure, ?q/& 

Corrected static 

pressure, p ^/6 

Corrected indicated 

A-A 

AA- 




-A--. 













oo 

r-LTT- 



r^- - 


— - S' 


= 2 F 


-CJ 













rz -£ 

ti 

4= 

- 




E 

P< * ^ , 




t 











£ 

<0 





% 

> 


2 k— — 


/ 





c 

c 

K-* 







."A 

\ 

\ 

V V 

\ 


temperature 

• T 1 

8 /e 


W 3 






1 








A 

V 







r 2 




% 

s 


i 






v~- 

— 

— V 

1 3 












X 

v 

1 

















nWr 

"H 

■A-A 

s 




1 

/ 

1 





, s 

rJ 

k *H 

* 

» 










^ J 

** 


-O' 


h> 


r-\ 

X 


A 





6 — 

— - 

— & 

Outer 







tT“ 






L_r \ 1 

°N 

S 

r~- 

Y 


& 



















1 


y 





















— i 

i 






r 








'\naca/ 


KJ\ 

CD 


Distance from top. In. 


Figure 22 a - Effect of altitude on corrected tota I -pressu re, stat i c-p ressu re, and i nd i cat ed-t empe rat u re 
distribution at exhaust-nozzle outlet, station 3. Mach number, app rox i mate ly 0.53; average corrected 
engine speed, 11,855 rpm. 
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Figure 26. - Effect of Mach number on radial distribution of total pressure, static pressure, and indi 
cated temperature at compressor outlet, station 4. Altitude, 25,000 feet; engine speed, 12,000 rpm. 
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Figure 27.,- Effect of Mach number on circumferential distribution of total pressure at turbine inlet, 

station 5. Altitude, 25,000 feet; engine speed, 12,000 rpm. 
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Figure 29. - Concluded 


2,00 inches from outer wall 

(b) Circumferential distribution. 

Effect of Mach number on indicated temperature at turbine outlet, station 7, 
Altitude, 25,000 feet; engine speed, 12,000 rpm. 
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Figure 32. - Effect of engine speed on total-pressure, stat ir-pressu re, and i rid i cated-temperatu re d i s*- 
tribution at cowl inlet, station I. Mach number, approximately 0.53; aHtitude, 25,000 feet. 
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Figure 34. - Effect of engine speed on radial distribution of total pressure, static pressure, and 
indicated temperature at compressor outlet, station 4. Mach number, app rox i mat e ly 0.33; altitude, 
25.000 feet. 
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Figure 35. - Effect of engine speed on c i rcum fe rent i a i distribution of total pressure at turbine 
inlet, station 5. Mach number, approximately 0.5 3; a 1 1 i t ude, 25, 000 feet. 
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Figure 36. - Effect of engine speed on radial and circumferential distribution of total pressure at 
turbine outlet, station 7. Mach number, approximately 0.53; aJtitude, 25,000 feet. 



NACA RM No. SE7L22 CONFIDENTIAL 




(a) Radial dietrlbution. 

Figure 37. - Effect of engine speed on indicated temperature at turbine outlet, station 7. Mach num- 
ber, app rox i mat e l y 0 . 53; altitude, 25,000 feet. 
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Figure 37. - Concluded. Effect of engine speed on indicated temperature at turbine outlet, station 7. 

Mach number, approximately 0.53; altitude, 25,000 feet. 
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Figure 38. - Effect of engine speed on total pressure, static pressure, and indicated temperature at 
exhaust-nozzle outlet, station 8. Mach number, approximately 0.53; altitude, 25,000 feet. 
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